The kinetics of the rapid reactions of oxygen and carbon monoxide with the oxygen-carrying pigments have been studied by the rapid-flow methods of Hartridge & Roughton (1923a -c, 1925 , 1927 , Millikan ( , 1933a Millikan ( , b, 1936 ) and Roughton (1934a-d (1) dt and furthermore that k/k' = K, the equilibrium constant of the reaction (K =[02] [Mgb]/[02Mgb]) as determined from the dissociation curve, which is in this case a rectangular hyperbola. These simple relations are to -be expected on the basis of the Law of Mass Action, since the myoglobin molecule only contains one iron atom and thus reacts reversibly with one molecule of oxygen according to the equation M2+lgb 02Mgb.
In the case of mammalian haemoglobin, the situation is much more complicated, since the molecule contains four iron atoms and reacts reversibly with 
where y=percentage saturation; p=pressure of X; K1, K2, ..., are the respective equilibrium constants of the reactions Hb4 + 02 eHb402, Hb402 + 02 Hb404, etc. Some attempts have recently been made to reconcile equations (3) and (4) (Wyman, 1948; Roughton, 1949) , but there is clearly need of much further work in this field, both theoretical and experimental. One great difficulty is that many different sets ofvalues of K1, K2, K3, K4 give a good fit between equation (4) and the experimental results, though, even so, it always appears necessary to assign a much higher* value to K4 than to any of the other constants. This means that the last 02 (or CO) molecule combines with much greater affinity than the preceding ones. Pauling(1935) hassuggestedthatasimilarbutsmaller 'interaction' occurs in the case of the lower intermediates, but the equation derived on his detailed hypothesis has recently been shown not to be valid for the best available dissociation curves (Roughton, 1943 (Roughton, , 1949 Wyman, 1948; Roughton, Paul & Longmuir, 1949) . Several kinetic points arise out of these and other considerations:
(a) Since K4 = k4/k4, where k4 and k4 are the velocity constants of the reaction Hb406 + O2-IHb4O8, thenx if K4 is relatively large, either k41 must also be relatively large or k4 relatively small. Calculation of * Work now in progress by one of us (F. J. W. R.) suggests that the ratio of K. to K4 may be higher than previously supposed. the empirical velocity constants, k' and k, ofequation (3) should therefore, at high values of y, show a rising trend in k' or a falling trend in k, or perhaps both. No such tests have hitherto been made above y = 75 %: in this paper analysis of present and earlier data shows that both these effects do in fact occur.
(b) In all previous reaction-velocity work, the haemoglobin before mixture has been either fully reduced or fully saturated. Tests should be made as to whether the results obtained with partially saturated haemoglobin as the starting point are in agreement: a discrepancy would indicate that when haemoglobin is partially saturated, the concentrations of the various intermediates, or their energy levels, differ appreciably according to whether the haemoglobin is in equilibrium or is in a state of change when the particular partial saturation occurs. Such observations might also throw light upon a peculiar result ofRoughton (1934d), who found that, at pH 10 and 150, CO combines twice as rapidly with haemoglobin just after its formation from oxyhaemoglobin by admixture with sodium dithionite (Na2S204) as it does if the reduced haemoglobin is more than 2 sec. old. It is possible that the 'freshly' reduced haemoglobin might not have been quite completely reduced and that small traces of Hb4O2, Hb404, etc., might still have been present. In such an event, CO would have reacted with iron atoms adjacent to some which were already combined with 02, this leading perhaps to a faster rate of combination than in the case of 'old' reduced haemoglobin in which no Hb402, etc., could have been present.
In this paper, tests are given on the effect of initial partial saturation of the haemoglobin, both on the rate of combination of CO with haemoglobin and on the rate of dissociation of oxyhaemoglobin in presence of Na2S204, these two reactions being the most satisfactory for studies of this kind. Adult sheep haemoglobin was used, since it was the main source ofmaterial usedin previouswork, and furthermore it is not believed to split into submolecules, at the concentrations suitable for our experiments. The results were mostly negative, except perhaps in the dissociationofoxyhaemoglobin atneutral pH. Here, however, an interesting new phenomenon was discovered, the oxyhaemoglobin in the presence of Na2S204 often appearing to dissociate in two phases, one fast and the other slow. The explanation is probably complex, and though not fully worked out, it has been felt worth-while to discuss the data in some detail, in view of the widespread use of Na2S204 for reduction of oxyhaemoglobin and other substances of physiological interest.
(c) Recently, Nicolson & Roughton (1949) have made a much fuller analysis than was possible in Roughton's earlier paper (1932) , of the rates of reaction of 02 and CO with haemoglobin in red-cell suspensions as compared with the rates with haemo-
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OBSERVATIONS ON THE KINETICS OF HAEMOGLOBIN globin in homogeneous solution. They believe that it is possible, by their methods, to compute approximately for the first time, the permeability of the red-cell membrane to 02 and CO. For this purpose, new and more accurate data were required on the rates of the reactions of haemoglobin in solution and in the red cell. Such data were secured as a byproduct of the main experimental projects of this paper, and a brief description of the actual experiments is accordingly included.
EXPERIMENTAL METHODS

GENERAL PRINCIPLE
The reagents are prepared in separate bottles (2-53-0 1. capacity) and driven thence, by compressed Na or air, through separate leads into a mixing chamber. From there the mixed fluid emerges into a glass observation tube, and the concentration of the various haemoglobin compounds in the streaming fluid at various points along the observation tube are determined by Forbes & Roughton (1931) , the whole process taking 30-60 min. The required volume of reduced blood was then transferred anaerobically, via a mercury reservoir and burette, to the bottle containing 02-free water, the final haemoglobin concentration being usually about 0 4 %, at which strength adult sheep haemoglobin shows no tendency to dissociate into submolecules. It was not found satisfactory to prepare reduced haemoglobin merely by adding Na%S204, since, as previous work has shown, there is danger, on prolonged standing, of formation of variable amounts of choleglobin (Legge & Lemberg, 1941) and possibly of other compounds.
(f) Oxyhaemoglobin 8olution. This was prepared in several ways: (i) by adding a suitable volume (usually 1 in 30) of defibrinated sheep blood to aerated water; (ii) the reduced blood, prepared as in (e), was re-aerated by 15 min. rotation in a tonometer with air and then added to the aerated water; (iii) the reduced blood was added to 29 parts of water, previously equilibrated with 02 at a partial pressure of 300 mm. Hg, the dissolved 02 content of the water being sufficient to re-oxygenate the haemoglobin almost completely. The purpose of methods (ii) and (iii) was to control for possible changes in the haemoglobin which might occur during the reduction process described under (e).
(g) Carboxyhaemoglobin solution. This was only required for calibration purposes and was prepared by adding 1 part of defibrinated sheep blood, which had been rotated for 15 min. with CO at 1 atmosphere pressure, to 29 parts of water.
The special reagents required for the experiments on the red-cell suspensions are described in the section dealing with the red-cell results.
The reaction-velocity apparatus
The reagent bottles were connected via a tube of 5 mm. Differential photocolorimetry Light from a 6 V. 12 W. projection lamp, fed by two 2 V. accumulators in series (for greater stability the lamp was thus run below its maximum brightness) was focused on to the observation tube. The beam then passed through a redgreen filter, as described by , and thence on to an EEL differential selenium cell (Evans Electroselenium Ltd, Harlow, Essex). The photocurrent generated by the latter was recorded by a Pye moving-coil galvanometer (deflexion 450 mm./pa. at 4 m. scale distance, time of VOI. 47 45 indication about 1-5 sec.). At each position of the observation tube, the light beam was so focused and the red-green filter so adjusted that (i) the galvanometer deflexion was as near zero as possible (small residual deflexions being balanced off by a compensating potentiometer), (ii) the change from oxyhaemoglobin (or carboxyhaemoglobin) to reduced haemoglobin caused a deflexion of 50-120 mm. A reading was then taken with reduced haemoglobin flowing through the tube, then with the reacting fluid, and finally with oxyhaemoglobin or carboxyhaemoglobin standard. Errors due to drifts in light intensity and/or photocell sensitivity are thus much reduced.
A B Fig. 2A Fig. 2A ; B, for data of Fig. 2B. term, Iz, can be neglected until almost the end of the reaction, and equation (4) fall within experimental error on straight lines of the same slope in the two cases. A similar result was obtained in a duplicate experiment at pH 9-5, and also in a pair of experiments at pH 6-8 (0-05M-phosphate buffer, temp. 16-17o). At the more alkaline pH the reduced haemoglobin is almost completely ionized, and at the more acid pH almost completely unionized, as regards the oxylabile group (pK approx. 8) whose ionization is affected by combination with 02 or CO, but in both forms the simple equations appear equally applicable. The experiments of Fig. 2 indicate that the reactivity of partially saturated haemoglobin to CO is the same whether the system is in equilibrium or is in a state of change, and thus give no help as to the reason for faster combination of CO with 'new' haemoglobin, referred to in the introduction. No rise in 1' is to be seen in the later stages, but this was scarcely to be expected since the reaction was only followed to about 60 % of completion. Fig. 4 Bateman & Roughton (1935) . rate of combination of CO with haemoglobin was followed to about 85 % of completion, by two independent but concordant methods (thermoelectric and photoelectric). The first four points, which just span the first half of the reaction, are seen to fall satisfactorily on a straight line, as in all previous such data. But the latter points clearly lie well above the line' and indicate that in the later stages the calculated value of 1' tends to increase to 1-4 or so times its initial value. An increase of this order is to be expected on the development of the intermediate compound theory, considered elsewhere by Roughton (1949) . B. Compari8on of haenwoglobin solutions and redcell suspensions. The previous experimental data used by Roughton (1932) in his theoretical investigation were defective in several respects. (i) The solutions and suspensions were not prepared from the same source of blood, though it is known that the Hb-reaction rates show appreciable scatter between individuals of the same species (Table 1; Roughton, 1932) . (ii) The determinations of haemoglobin saturation were made with the reversion spectroscope, which was not only less accurate than the present photoelectric technique, but was, furthermore, not available in the early phases of the process (i.e. saturation 0-30 %), wherein the theoretical treatment is most reliable. (iii) Most of the data were obtained on 02 uptake, which is physiologically of much more interest than CO uptake: from the theoretical point of view, however, the latter process is more satisfactory, in view of its slower rate and absence of appreciable back reaction. We therefore decided to fill in these gaps, by doing several experiments on the rate of CO uptake by haemoglobin solutions and red-cell suspensions, both prepared from the same sheep blood.
The red-cell suspensions were prepared by adding 1 part of blood to 29 parts of Ringer-Locke solution (9 g. NaCl, 0-42 g. KCI, 0-24 g. CaCl2, 0-2 g. NaHCO3/l.). The suspensions were periodically stirred (with minimal air contact) so as to keep them uniform throughout the experiment. For the haemoglobin solutions the blood was laked by adding 14 parts of distilled water, and then 15 parts of double-5 strength Ringer-Locke solution. The CO solution was made by shaking Ringer-Locke solution with CO at appropriate pressures, as described above for CO buffer solutions. Four experiments were done altogether, two on ram blood and two on blood from pregnant ewes (kindly supplied by the late Sir Joseph Barcroft). Fig. 5 shows that the rates of CO uptake by the ram and ewe haemoglobin solution are the same, but considerably faster than the rates by the corresponding cell suspensions, which differ from one another, the rate of the ram cell suspension being about 1-6 times faster than the rate of the ewe cell suspension. This interesting difference was confirmed in other experiments of the series, and is believed to be mainly due to a much lower permeability of the pregnant red-cell membrane. The theoretical interpretation of these results is under investigation by , and some of their preliminary conclusions have already been published (Legge, Nicolson & Roughton, 1949) , though these require modification in view of the recent determinations of the diffusion coefficients of CO and N2 in 35-40% (w/v) haemoglobin solutions ).
2. The rate of diwsociation of oxyhaemoglobin in presence of Na2S204 A. Haernwoglobin solutions. Hartridge & Roughton (1923 c) found that the rate of dissociation of oxyhaemoglobin in presence ofNa2S204 was independent of the concentration of the latter, provided this exceeded a minimal value (approx. 0 1 %). They therefore supposed that a two-stage process takes place, viz:
02 + Na2S204 -+oxidation products of Na2S204, (b) and that when the limiting Na2S204 concentration was exceeded, reaction (b) proceeded so fast and completely that 02 is kept negligibly small. Under these circumstances the rate of recombination of dis.
solved 02 with haemoglobin in reaction (a) would also be negligible, and the overall rate of dissociation of oxyhaemoglobin gave the speed of reaction (a) from left to right without appreciable back reaction. The rate of dissociation of oxyhaemoglobin, so observed, was found to follow a unimolecular course from 80 % O2Hb downwards. Millikan's more accurate work led to the same conclusion, and his experiments on the rate of dissociation of oxyhaemoglobin and oxyhaemocyanin in presence of Na2S204 gave added support to the original mechanism which has for some time been generally accepted. There are, however, still some points in regard to the speed and order of reaction (b) which need to be settled if the whole process is fully to be understood. case. The curve is logarithmic between 70 and 0 % O2Hb, and in this range the kinetics of the reaction thus conform to the equation
Between 100 and 80% O2Hb the curves of this paper show a lag period, as do also Millikan's curves (1932) , when closely inspected. This lag has hitherto been attributed to reaction with the Na2S204 of the excess of dissolved 02, which is initially present just after mixture (i.e. at about 75 mm.pO2,wherepO2 = partial pressure of 02) and has to be reduced to a low value (e.g. about 10 mm. p02) before reaction (a) can occur to an appreciable degree. The lag period, however, continues further than would be expected if this were the whole explanation. This point may be illustrated by considering in more detail the four points in the experiment of Fig. 6 , in which the 02Hb started by being 99-100% saturated. The actual numerical data of y and t are shown in Table 1 , OBSERVATIONS ON THE KINETICS OF HAEMOGLOBIN together with the calculated values of k over various time ranges. The value ofk is seen to rise to a plateau, but does not reach it until y has fallen to 70%.
Consider the range between y = 87 % and y = 71%. At y = 87 % the equilibrium POs at the temperature of the experiment, 110, would be 2 7 mm., and at y = 70 % it would be 2-0 mm. The maximum amount of physically dissolved 02 which the Na2S204 would have to remove over this range would only be 760 x 0¢037 (= solubility coefficient of 02 in water) = 0-000034 ml./ml. The combined 02 which is removed on the other hand amounts to 1 x 0 003 (= gas-combining capacity ofHb sol.) = 0-00048 ml./ml.
As the latter figure is 14 times greater than the former, it seems impossible that the low value of k in the range 87-71 % O2Hb should be appreciably due to the dissolved 02 effect. It must, in fact, be in the main due to a genuine kinetic feature of the dissociation of02Hb, as is indeed to be expected on the theory put forward by Roughton (1949) . This feature had hitherto escaped notice, partly owing to the paucity of dissociation rate data above y = 80 % and partly through being obscured by the dissolved 02 effect, the importance of which is undoubted between y= 100 % and y = 95 % (about), but fades out very rapidly when y falls below 95 %. Fig. 7 shows the results of one of two concordant experiments at pH 6-8. In these cases, owing to the greater speed of the reaction, there are not sufficient data in the upper range for a decision as to an initial lag period. Both experiments showed a rather faster initial rate of dissociation in the case of the partially saturated haemoglobin than would be expected from the curve for the fully saturated haemoglobin. The effect is, however, overshadowed by a more remarkable finding, namely that the dissociation appears to proceed in two phases, a rapid one from 100 to about 30 % O2Hb, and then a slow one from 30 to 0 % O2Hb. This latter phase takes several seconds to reach completion, as was shown by following the progress of the change when the runiing fluid was suddenly stopped. Human haemoglobin at pH 6-0-7-4 ( Fig. 2 ; Millikan, 1936) shows a similar diphasic effect, which is brought out clearly when the logarithm of 02Hb concentration is plotted against time. The discrepancy in the rates of the two phases is, however, not so great as in Fig. 7 . Perhaps this was why Millikan did not notice or comment on the effect. Later in this section the matter is investigated and discussed further. B. Compari8on of haemoglobin 8olutio(m and redcell 8u8pen8ions. Roughton (1932) found that the rate of dissociation of oxyhaemoglobin in sheep redcell suspensions was about one-quarter of the rate in homogeneous solution. A similar ratio is suggested by Dirken & Mook's (1931) data on ox haemoglobin, though Millikan's results (1932) for human haemoglobin indicate a rather lower figure. In nearly all this earlier work, however, the pH of the interior of the red cells was probably not the same as that of the haemoglobin solutions, and part of the observed difference in the dissociation rates might be due to difference of pH, which has a large effect per se.
We have tried to obviate this difficulty by working at the isoelectric point of haemoglobin (pH approx. 6.8), for here there is practically no difference in pH between the interior of the red cells and the surrounding liquid. J." W. LEGGE AND F. J. W. ROUGHTON The red-cell suspension, the haemoglobin and the Na2S2O4 were therefore all made up in Ringer-Locke solution buffered with a bicarbonate-CO2 mixture of pH 6-8-7-1. The procedure was thus the same as in section 1, save that the NaHCO3 concentration in the Ringer-Locke solution was increased from 0'8 g./l. to 4-1 g./l., and all the solutions were finally equilibrated with CO2 at pressures of 150-300 mm. Hg. The final concentrations in the mixed fluid were 1 g. Na2S204 and 1 part of blood in 60. Table 2 summarizes the results of comparisons carried out with blood from three different rams. The mean ratio, at pH 6-8, for the rate in cells to the rate in solution is 0-22, and is about the same at pH 7-1, thus confirming the results of the earlier experiments. The mathematical interpretation ofthe present data is also under investigation by .
C. Further study of the apparent diphasic disociation of oxyhaemoglobin at neutral pH. This observation aroused our interest for several reasons. (i) It might have some fresh bearing on the nature of the reaction between oxygen and haemoglobin, and in particular might provide new evidence that one of the four haem groups in the molecule behaves differently from the other three. (ii) It might be related to Roughton's (1934d) unexplained observation that when dilute sheep oxyhaemoglobin, between pH 6 and 7, is suddenly mixed with 02-free water, the oxyhaemoglobin dissociates in two stages, about two-thirds of the oxygen coming off in about 0-5 sec. and the remainder over a period of several seconds. (iii) In the circulating blood in vivo it is often observed that the venous blood contains appreciable reserves of oxygen even when the whole body, or particular organs of it, are in a state of severe oxygen want. It seemed possible that a slow final phase in the rate of oxyhaemoglobin dissociation might be a factor concemed in this effect.
We therefore carried out some thirty experiments altogether in the hope of elucidating the matter further. Unhappily the results were irregular and it was only in the latter weeks of our collaboration that we got satisfactory clues as to the sources of the varying effects.
In fifteen experiments at pH 6-8 (0-05M-phosphate buffer, temp. 9-19°) a break was found in every case, but the percentage saturation at which the break occurred (referred to as the 'plateau') varied from 3 to 30 % 02Hb. Three to five tests were also made at each of the following pH values: 6-2, 7-1, 7-4 and 7-7 (all in phosphate buffer) and at pH 6-8 and 7-1 in C02-bicarbonate buffer. In the three tests at pH 6-2, the plateau occurred at a much lower percentage O,Hb than with the same haemoglobin solution at pH 6-8, but at the other pH values there was no marked difference from the results at pH 6-8.
In three out of four experiments on the cell suspensions (in C02-bicarbonate buffer, pH 6-8-7-1), no distinct plateau was seen at all and in the fourth one, only a rather low 'plateau' at about 9 % 02Hb.
There thus appeared to be a genuine difference between the haemoglobin solutions and the corpuscle suspensions, and since Na2S204, and its products of oxidation, are not believed to permeate the red-cell membrane, or at most only very slowly, it seemed that the diphasic effect might be associated with some action of Na2S204 or its oxidation products on the haemoglobin. In a control experiment in which the Na2S204 concentration was varied twofold, the diphasic course of the reaction was unaffected: this suggests that the products ofreaction of Na2S204 with 02, rather than the Na2S204 itself, are responsible since their concentration (under constant haemoglobin conditions) would hardly be altered when the Na2S204 concentration is halved or doubled.
Further support for this view was obtained along the following lines. In the majority of the later tests the mixture of 02Hb and Na2S204, which had run through the apparatus, was allowed to stand for 15 sec. and then slowly siphoned back through the observation tube, so as to serve as the source of reduced haemoglobin for calibration purposes at each observation point. This standard may be referred to as reduced haemoglobin A. Two other forms of reduced haemoglobin standard were also used on various occasions. In both cases a solution of completely reduced haemoglobin (prepared as described in the section on experimental methods) was mixed in the reaction apparatus with the Na2S204 solution and either collected and similarly siphoned back through the observation tube (=reduced haemoglobin B) or readings were taken on the mixed fluid as it travelled down the observation tube before collection (=reduced haemoglobin C). In certain of the later experiments* the reading given by reduced haemoglobin A differed appreciably (in the sense of appearing to be more reduced) from that given by reduced haemoglobin B or C, and in such cases a high 'plateau', of the order of 20 % 02Hb was seen. On the other hand, in five experiments in which no appreciable difference in reading between reduced haemoglobin A and B (and/or C) was observed, the 'plateau' was always low, i.e. not more than 10 % 02Hb. Our general conclusion was thus that in certain cases the oxidation products of Na2S204 produced abnormal haemoglobin pigments, and when this happened a much more pronounced, apparent 'plateau' was found in the rate of dissociation of the oxyhaemoglobin.
* In one case reduced haemoglobin standard A was also made from blood dissolved in oxygenated water (PO2 = 730 mm. Hg) as well as from the usual blood dissolved in aerated water, (pO2 = 150 mm. Hg). The oxygenated Hb on mixing with the Na2S204 gave a standard which appeared, photocolorimetrically, to be distinctly more 'reduced' than the aerated Hb, when similarly treated.
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This view was tested further by collecting the reaction mixture as it left the observation tube in a test tube half filled with CO-saturated buffer containing Na2S204. When the test tube was full, the solution, now 1 in 120 with respect to the original blood, was examined immediately with a hand spectroscope or a Hartridge reversion spectroscope. The light path could be made to traverse up to 15 cm. of liquid. When O2Hb (partial pressure of 02 = 0 2-1 0 atm.) and buffered Na2S204 were allowed to react and were examined in this way, a faint but definite band was visible at 628 m,. in one experiment. No such band was observed when reduced haemoglobin and Na2S204 were allowed to react and were similarly examined. The 'plateau' in this experiment was at about 18 % 02Hb, i.e. in the higher range.
The blood used in this experiment was stored overnight in the refrigerator and the experiment repeated next day under as closely simriilar conditions as possible. In this case the band in the red was less pronounced, and the 'plateau' was found to have dropped to about 3 % 02Hb. As to the cause of the difference of behaviour on the two successive days we have at present no clue, but the correlation of the pronoLnced 'plateau' with the appearance of the band in the red is striking. The conditions under which the latter was obtained are consistent with the supposition that CO-choleglobin (Legge & Lemberg, 1941) or perhaps CO-cruoralbin (Holden, 1943) had appeared.
For the present purpose it is unimportant whether choleglobin or cruoralbin is formed. Although the band observed was that of a ferrous CO compound (the CO being used to stop further coupled oxidation and to form a derivative with a sharp banded spectrum), the ferrous forms of both the above compounds have absorption bands in the 620-630 mp. region in the absence ofCO. The presence ofeither, in sufficient amount, could invalidate our interpretation of the galvanometer deflexion in terms of only oxyand reduced haemoglobin. In view of the arbitrary way in which the galvanometer was adjusted to zero by movement of the red-green filter it is not possible to state, on the basis of the published data on the absorption of choleglobin or cruoralbin, what concentration of these compounds would be required in order to simulate a given oxyhaemoglobin-reduced haemoglobin mixture in the apparatus.
Additional evidence that part of the 'diphasic' course of the reduction may be accounted for by the presence of other pigments is provided by a few experiments which were carried out for us by Dr B. Chance with his refined photoelectronic rapid reaction apparatus. In these experiments monochromatic light of wavelength 578 m,u. was used, the percentage reduction being obtained by the difference in absorption of oxy-and reduced haemoglobin at this wavelength. The reduction appeared to be a first order reaction all the way, no significant second phase being detected.
This tentative explanation of the 'diphasic' reduction of oxyhaemoglobin does not, however, account for all the aspects of the phenomenon. The fact that a slow decline in the apparent concentration of oxyhaemoglobin is observed during the second phase of the reduction, is inconsistent with the supposition that the concentration of choleglobins is increasing at this period in the course of the reactions, and suggests that a fourth compound, in addition to oxyhaemoglobin, reduced haemoglobin and choleglobin (or cruoralbin), may be present. This might be a precursor of the choleglobin observed spectroscopically 2-3 sec. after mixing. Further investigation of the problem, however, will have to await an apparatus such as the one constructed by Chance (1947) , which is able to record the absorption at several wavelengths simultaneously.
Although the matter has not yet been fully worked out, we do feel it reasonable to conclude that a large part of the apparent 'plateau' when the latter is high, is due to the appearance of abnormal pigments, rather than to a genuine diphasic dissociation of oxyhaemoglobin. We cannot, however, at present exclude the possibility that the latter may exist in a minor degree, but to be sure of this it would be most desirable to use gasometric as well as spectroscopic methods of detection. If, and only if, such combined tests turned out positive, would it be worth while to consider further the bearing of the 'plateau' upon the three questions, listed as (i), (ii), and (iii) at the beginning of the present section 2C. As regards the apparently faster initial rate of dissociation of the partially saturated haemoglobin, shown in Fig. 7 , it may be largely due to the presence of a smaller proportion of oxidized Na2S204 products than in the case of the fully saturated haemoglobin.
Two other possible explanations of the 'plateau' we believe have already been ruled out. (i) Hydrogen peroxide is known to be formed during the oxidation of Na2S204 and this might be decomposed by the blood catalase and the oxygen so formed reoxy. genate the haemoglobin, thus settingup a temporary cyclic process. In a control experiment in which sodium azide was added to give a final concentration of OOOlM-sodium azide (so as to inhibit completely the catalase ofthe blood solution) no difference in the diphasic course of the reaction was found, the plateau remaining at approx. 18 % 02Hb. (ii) That the Na2S204 may only react slowly with dissolved 02, at the very low partial pressures of the latter which must exist during the last stages of dissociation of 02Hb. If so, the red-cell suspensions should also be similarly affected, which they are not: furthermore, the speed of the slow phase should be dependent on the concentration of Na2SO4, which has already been shown not to be the case.
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In conclusion it may be noted that dilute solutions of haemoglobin and of Na2S204 are both much more labile at pH 7 and below (i.e. the range in which these effects appear) than at alkaline pH. Although Na2S2O4 has proved of great service in studying the kinetics ofdissociation of oxygen-carrying pigments, it is a great pity that no satisfactory alternative oxygen absorbent has been discovered for this purpose, particularly in the neutral pH range. , which has also been applied to the dissociation of X from haemoglobin. In the later stages of combination, however, it is now found that the calculated value of k' tends to rise appreciably, whereas in the early stages of dissociation ofoxyhaemoglobin (02Hb), k tends to be much lower than the plateau value which it attains after the dissociation is about one-third completed. These discrepancies are in line with expectations based on the intermediate compound theory.
2. In all previous kinetic work the haemoglobin at time zero has been either completely in the form XHb, or in the form Hb. Theoretically discrepancies might occur if the haemoglobin was partially saturated at the outset of the reaction. Experimental tests, however, gave negative results in the case of combination of carbon monoxide with Hb at pH 6-8 and 10-0, and also in the dissociation of O2Hb in presence of Na2S204 at pH 10.0, but at pH 6-8 a slight positive effect was observed with the latter reaction.
3. At pH 6-8, and at neighbouring pH, the dissociation of O2Hb in presence of sodium dithionite (Na2S204) seems to occur in two phases, a fast one from 100 % O2Hb to 20 ± 10 % O2Hb, followed by a slow final one taking several seconds. Controls showed that a large part of this effect is probably due to secondary effects of the oxidation products of Na2S204 upon Hb, leading to formation of choleglobin and related products, the presence of which might well interfere with the estimation of the O2Hb/Hb ratios by the Millikan photocolorimetric method used in this paper.
4. New determinations are given of the comparative rates of combination of carbon monoxide with sheep haemoglobin in solution and in red-cell suspensions. Similar experiments on the rates of dissociation of O2Hb in solution and in the red cell are also given.
The work described in this paper was carried out during the tenure by J. W. L. of a Research Fellowship from the Weilcome Trustees.
